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PRESENT STATUS OF COMMERCIAL 
AIRPLANE ENGINE TESTING 


| at 1,810 


In March, 1928, the Bureau of Stand- | 
ards began testing new commercial air- | 


plane engines as a basis for the granting 


of approved type certificates by 


the | 


aeronautics branch of the Department of | 


Commerce. 


The type certificate author- 


izes the use in licensed aircraft of any | 


engine conforming to the specifications 
of the engine submitted for type test 


and specifies the speed and power rating | 


of such engines. To date, 21 type tests 
have been undertaken at the bureau, and 


of this number 4 engines have bcen 


withdrawn, 11 have failed, and 6 have 
completed the test successfully. 
sults show that the 


average manulac- 


The re- | 


turer should do more development work | 


before going into production and indi- | 


cate the importance of type testing as a 


protection to the public. 

The following engines have been ap- 
proved and rated as a result of type 
tests at this bureau: Kinner (5-cylinder, 

34871-—-29 


radial, air cooled), 90 rated horsepower 
Velie 
55 at 


radial, 


revolutions 
(5-cylinder, 
1,815; 

cooled), 


per minute; 


radial, air cooled), 
Comet 

130 at 1,825; Axelson (7-cyl- 
inder, radial, air cooled), 115 at 1,800; 
LeBlond (7-cylinder, radial, air cooled), 
90 at 1,975; Harris (8-cylinder, vee, 
water cooled), 90 at 1,400. The Warner 
“Scarab” engine was approved and 
rated 110 horsepower at 1,850 r. p. th. on 
the basis of a test at Detroit, observed 
by bureau engineers, before the present 
regulations went into effect. 
other engines, including, for example, 
the Curtiss “Challenger,” the Wright 
“ Whirlwind,” and the Pratt & Whitney 
“Wasp ” 
basis of Army or Navy tests and have 


(7-cylinder, air 


Thirteen 


have been approved on the 


received commercial ratings recom- 


mended by the bureau. 
The number of airplane engines in- 


tended primarily for commercial use 


the 
present time exceeds all estimates made 


9 


which are under development at 
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last year, and the bureau is planning to 
install additional testing facilities in the 
near future. A 9-cylinder radial air- 
cooled engine made by the Aeromarine 
Plane & Motor Co. is now under test. 
The following manufacturers are ready 
to submit engines for test: Hallett Aero 
Motors Corporation, Inglewood, Calif.; 
Velie Motors Corporation, Moline, IIL; 
Rocky Mountain Steel Products (Inc.), 
Los Angeles, Calif.; Le Blond Aircraft 
Engine Corporation, Cincinnati, Ohio; 
Brownback Motor Laboratories (Inc.), 
New York, N. Y.; Hurricane Motor Co. 
(Inc.), Houston, Tex.; Menasco Motors 
Co., Los Angeles, Calif.; Alco Oil Tool 
Co., Compton, Calif.; MacClatchie 
Manufacturing Co., Compton, Calif.; 
and the Western Enterprise Engine Co., 
Los Angeles, Calif. 

The airplane engine test requirements 
are stated on pages 40 to 42 of Aero- 
nautics Bulletin No. 14. Applications 
for commercial airplane engine type 
tests may be addressed to the Bureau of 
Standards and should be accompanied 
by general information regarding the 
design of the engine. No fee is charged 
the manufacturer, but he is required to 
furnish the gasoline and oil for use dur- 
ing the official test. His representatives 
are allowed to adjust the engine to their 
satisfaction before the test starts and 
to make any 


necessary adjustments 


between test periods. 


SPECIFICATIONS AND TOLERANCES 
FOR COMMERCIAL WEIGHING AND 
MEASURING EQUIPMENT 
The bureau has just published a new 

handbook containing recommended spec- 

ifications and tolerances for commercial 
equipment. 
recommendations have been 


weighing and measuring 
These 
adopted from time to time by the 
National Conference on Weights and 
Measures, and many of them have been 
incorporated into the laws of the differ- 
ent States, one of the principal objects 
being to eliminate from use devices 
which are false or which facilitate the 
perpetration of fraud. 

One portion of the handbook is de- 
voted to a discussion of the selection 
of weighing and measuring apparatus 
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for definite purposes. Everyone charged 
with the duty of buying such apparatus, 
and, in particular, purchasing officers 
for manufacturing and industrial plants, 
will find the points brought out in this 
discussion very helpful in reaching a 
decision as to the best types of scales 
and other weighing or measuring equip- 
ment for particular uses. While care- 
fully avoiding any reference to individual 
makes of apparatus, the principles which 
should guide the purchaser in choosing 
equipment of proper size, style, capacity, 
and general characteristics are pointed 
out. With a clear understanding of 
these basic principles, the purchaser may 
then proceed to evaluate such factors as 
price, availability of service, responsi- 
bility of manufacturer, etc., and thus 
finally reach a wise selection. 

The main portion of the handbook 
comprises the technical specifications 
and tolerances which have been de- 
veloped to guide State and local weights 
and measures officers in their official 
approval of commercial weighing and 
measuring apparatus. Users of noncom- 
mercial apparatus, however, though not 
required to have equipment meeting the 
standards for equipment used directly 
in buying and selling, will nevertheless 
find in the numerous codes of specifica- 
tions an excellent basis for the purchase 
of their scales, weights, measuring de- 
vices, etc. Equipment conforming to the 
requirements of these codes may be ex- 
pected.to stand up well in service and 
likewise to be satisfactory in other 
respects, for these codes are the result 
of the joint experience of the National 
Bureau of Standards and of weights and 
measures officials from all parts of the 
country, extending over a long period of 
years. 

Many of the States are already op- 
erating under these regulations which 
have thus been tried out in practice in 
various sections, and the tendency is 
States 
measures regulations to adhere closely 


for all having weights and 
to them. 

Copies of the handbook, Bureau of 
Standards Miscellaneous Publication No. 
85, Specifications and Tolerances for 


Comm 
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Commercial Weighing and Measuring 
Devices, may be secured from the Super- 
intendent of Documents, Government 
Printing Office, Washington, D. C., at 


50 cents each. 


REPORT ON ORIFICE METERS FOR 
LARGE VOLUMES OF GAS 


The March 
Standards Journal of Research will con- 
tain a paper describing the orifice meter 
investigation carried out at Edgewood 
Arsenal in cooperation with the Chemi- 
cal Warfare Service and giving the 
principal results obtained with square- 
edged orifices such as 
employed in the commercial metering of 
large volumes of gas. 

Absolute 
measured by means 


rates of discharge were 
of flow nozzles. 
This method has been investigated both 
experimentally and theoretically, and it 
appears to be the most convenient and 
accurate one now available for meas- 
uring high rates of flow. The discus- 
sion of this subject is an important part 
of the paper. 

Of the 48 orifices tested 26 were bor- 
rowed from commercial firms 
and the remainder made at the bureau. 
They were installed in 4, 6, and 8 inch 
pipes, with long, straight runs in each 
direction and with various combinations 
of pressure taps. 


several 


They were tested with 
air at static pressures up to 275 lbs./in.’ 
and with differentials up to 70 per cent 
of the upstream pressure. 

The average results obtained are ex- 
pressed in the usual manner by numeri- 
cal tables of discharge coefficients ap- 
plicable to the three most common loca- 
tions of the pressure taps and to va- 
rious formulas for computing the rate 
of flow. Aside from these quantitative 
results, the following conclusions may 
be stated: 

(a) The discharge coefficient of a 
square-edged orifice for air, as defined 
in any of the usual ways, varies with 
the ratio of the differential to the static 
pressure, but it does not vary appre- 
ciably with the absolute value of the 
static pressure. The variations mentioned 
are negligible in most commercial prac- 


issue of the Bureau of | 


are commonly | 





tice, but at low static pressures, where 
the differential is sometimes a consider- 
able fraction of the upstream pressure, 
they may be of considerable importance. 

(b) To produce duplicate orifice 
plates, which shall all have the same 
discharge coefficient within one-half of 
1 per cent, requires very good mechan- 
ical work, even when the diameter of 
the orifice is 1 inch or more. With a 
few exceptions, the plates tested were 
all well made and in good condition; 
but the coefficients of individual plates 
often varied by as much as one-half of 
1 per cent from the average of all, and 
sometimes by 1 per cent, without there 
being any obvious reason in the appear- 
ance of the plate. 

(c) With a given ratio of orifice to 
pipe diameter, the tests in the 6 and 8 
inch pipes did not show any 
effect of absolute size. Similar plates 
in the 4-inch pipe gave, on the average, 
somewhat higher coefficients, but the 
experiments were not adequate to estab- 
lishing any general relation between the 
coefficient and the absolute diameter. 

In the autumn of 1924 the Bureau of 
Standards cooperated with a committee 
of the American Gas Association, under 
the chairmanship of M. E. Benesh, of 
the Peoples Gas Light & Coke Co. of 
Chicago, in an investigation of several 
types of large gas meters. The experi- 
ments were carried out at one of the 
stations of the company just named, 
and the absolute measurement of the 
rates of flow of air was effected by the 
use of a large gas holder. Among the 
metering devices tested were three very 
carefully made orifices installed in a 
24-inch pipe, and it is of interest to note 
that the discharge coefficients found for 
these orifices agree with the average 
results obtained for 6 and 8 inch pipes 
at Edgewood, well within the errors of 
measurement. 


certain 


PRESENT STATUS OF COOPERATIVE 
ORIFICE METER TESTS 


Extensive tests of orifice meters are 
conducted by the measurement 
committee of the natural-gas department 


of the 


being 


American Gas Association, in 
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cooperation with the Bureau of Mines 
and Bureau of Standards of the Depart- 
ment of Commerce. 

The first group of tests was made at 
Cleveland, Ohio, in the fall of 1925, 
and consisted of a number of tests on 
three 4-inch orifices in series with the 
first lift of a covered gas holder. 

The second group of tests was made 
during the summer and fall of 1926, at 
Buffalo, N. Y., where some of the same 
equipment was utilized. The object was 
to determine the effects upon orifice 
meter indications of various kinds and 
combinations of pipe fittings placed close 
to an orifice meter flange. Based upon 
the results of these tests, the committee 
prepared and issued a tentative code ori 
the installation of orifice meters. 

The tests made during 1927 may be 
divided into two groups. The first group 
was a supplement to the 1926 tests, and 
included a few check tests on the 1926 
work and a short series of “ disturbance 
fitting” tests using a 4 instead of an 8 
inch pipe line. The second group of 
tests, designated as “ rate of flow tests,” 
was made with orifices in an 8-inch 
line, ranging in orifice diameters from 
1 to 644 inches. The rates of gas flow 
through these orifices, as indicated by 
the pressure drop across the orifice, 
ranged from about 10 to over 400 inches 
of water. From these tests it was pos- 
sible to determine a series of orifice co- 
efficients for the range of sizes used. 

The 1928 tests may be divided into 
three groups. The first group was a 
supplement to the 1927 rate of flow tests, 
being a short series of rate of flow of 
tests with orifices in a 4-inch pipe. The 
second group of tests was designated as 
“high-pressure” tests. The orifice 
under test was used in a line in which 
the pressure ranged from about 100 to 
about 300 lbs./in. The third group of 
tests may be designated as “ flange-de- 
sign” tests, and was made to determine 
what effect, if any, the interior form of 
an orifice flange has upon orifice meas- 
urements. In one case, the flanges were 
screwed onto the pipe until the ends 


of the pipe were flush with the faces of 
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the flanges. In the other set there was 
a considerable recess within the flanges 
between the ends of the pipe and the 
flange faces. It was convenient to make 
many of the tests for the first and third 
groups together. A part of the second 
group, or high-pressure tests, was made 
at Hastings, W. Va., where higher pres- 
sures were available than at Buffalo. 
The results of the 1928 tests are now 
being carefully studied. 

During 1927 and 1928 H. S. Bean, 
chief of the gas-measuring-instruments 
section of the Bureau of Standards, 
supervised the tests for the commitice. 
Mr. Bean is now in southern California 
where he is carrying on the review of 
the 1928 data. He has discussed with 
William Moeller, jr., chairman of the 
National Gas F. A. Hough, 
chairman of the committee on natural 
gas measurement of the Pacific Coast 
Gas Association, and other members of 
these organizations, the question of 
making some further high-pressure tests. 
Hearty cooperation and support have 
been promised in the event such tests 
are made. Because of the favorable 
conditions found in southern California, 
plans for making further high-pressure 
tests there are being considered. The 
desirability of making additional rate-of- 
flow tests on a large-size line, possibly 
as large as 16 
discussed. 


Bureau; 


inches, has also been 
In the event that the high- 
pressure tests are made, it is probable 
that the cooperation of the Bureau of 
Mines will be sought. This bureau is 
also interested in methods for determin- 
ing the so-called “ open flow” of a gas 
well without resorting to the wasteful 
practice of “blowing” the well. Such 
tests could be made to advantage at the 
same time the high-pressure tests are 
made and have been considered in the 
discussion between Mr. Bean and the 
committee chairman named above. 


COOPERATIVE RESEARCH WITH 
AMERICAN DENTAL ASSOCIATION 


The survey of amalgam alloys avail- 
able for the use of the profession has 
been completed, and a report is now in 


press, 
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press, to appear in an early issue of the 
Journal of the American Dental Asso- 
ciation. The report will also give com- 
parisons of mechanical and hand amal- 
gamated specimens. 

An interesting research is now in 
progress which should help dispose of 
the questions of mercury poisoning, so 
often raised in connection with the use 
of amalgams. Attempts are being made 
to measure the slight amount of mer- 
cury vapor sometimes 


amalgams. The technics which causes 


most loss of mercury will be established; | 


also the types of alloys releasing most 
mercury will be secured. From these 
data and materials clinical cases will be 
set up under the closest medical super- 
vision of a cooperating Government lab- 
oratory and attempts made to verify 
this effect, if present, in even the slight- 
est degree. Reports on this problem will 
necessarily have to wait several months 
for clinical verification. The almost uni- 
versal opinion of the dental and medical 
professions is that the findings will be 
negative in so far as poisoning is con- 
cerned, but it is agreed that the research 
should be carried through in order to 
locate a possible danger under certain 
special manipulations of this material. 

The cooperative research also in- 
cludes a number of problems in the par- 
tial and full denture fields, but no 
reports will be available for 
months. 


some 


STANDARD SAMPLES 


New standard samples that have been 
prepared recently are the standard sam- 
ple of Fluorspar No. 79, which is priced 
at $2.50 per 60 g.; and Ferrophosphorus 
Na. 90, which is priced at $2 per 75 g. 
The former contains 94.9 per cent of 
calcium fluoride, 1.9 per cent of silica, 
1.0 per cent of carbon dioxide, 0.14 per 
cent of sulphur, and small amounts of 
zinc, lead, aluminum, 


copper, iron, 


phosphorus, titanium, potassium, sodium, | 


magnesium, barium, and manganese. 
Sample No. 90 contains 26.17 per cent 
of phosphorus. A sample of opal glass 


containing 68 per cent of silica, 6 per 


given off by | 








cent of fluorine, in addition to iron, 
aluminum, titanium, zirconium, calcium, 
magnesium, potassium, phos- 


phorus, manganese, chlorine, and arsenic 


sodium, 


| has been prepared and will be available 


about March 1. Two new standard 
samples of glasses containing boron, one 
12 per cent and the other 0.75 per cent 
of B.O;, are being prepared. 

Recently renewed standard samples 
are: (1) Cast Iron No. 4d, which con- 
tains total carbon 2.66 per cent, graphite 
2.00, combined carbon 0.66, manganese 
0.894, phosphorus 0.081, sulphur 0.075, 
silicon 1.27, and copper 0.24; (2) Cast 
Iron No. 5f, which contains total carbon 
2.25 per cent, graphite 1.52, combined 
carbon 0.72, manganese 0.755, phos- 


| phorus 0.243, sulphur 0.090, silicon 2.31, 
and copper 0.55; (3) Acid Open-Hearth 


Steel No. 34a, which contains carbon 
0.763 per cent, manganese 0.499, phos- 
phorus 0.029, sulphur 0.026, silicon 0.276, 
copper 0.222, nickel 0.232, and chro- 
mium 0.275; and (4) Nickel Steel No. 
33a, which contains carbon 0.366 per 
cent, manganese 0.700, phosphorus 0.037, 
sulphur 0.032, silcon 0.233, copper 0.114, 
nickel 3.48, and chromium 0.029. 

In ordering standard samples, money 
orders, etc., should be made payable to 
the Bureau of Standards. If remittance 
does not accompany order, samples will 
be sent under Government frank by 
parcel post C. O. D. to addresses in the 
United States and its possessions. With 
the exception of Canada and Mexico, 
20 cents postage must be added for 
every 300 g. of samples or fraction 
thereof. Payment for foreign orders 
should be by an international money 
order or by a check payable through 
the New York Clearing House or a bank 
in the United States. 

A list of the standard samples issued 
to date may be had free on application 
to the bureau by asking for Supplement 
to Circular No. 25. 


LIQUID SHRINKAGE OF ALLOYS 


The American Foundrymen’s Associa- 
tion, operating through its committee on 
cast iron and subcommittee on cast-iron 















research, has established a research as- 
sociateship at the bureau, to continue for 
one year, for the study of methods of 
determining the liquid shrinkage of 
alloys. 

The soundness of a casting depends, 
among other things, on its freedom from 
concealed piping or internal voids, due 
to shrinkage, from trapped-gas bubbles, 
and from shrinkage cracks. Three main 
factors are concerned in respect to the 
metal itself, as distinguished from the 
foundry practice, in securing freedom 
from these defects; that is, fluidity, 
liquid shrinkage or change of volume 
between the liquid and the solid state, 
and solid shrinkage or change of volume 
between the freezing point and room 
temperature. Methods for the determi- 
nation of the last property, solid shrink- 
age, are in fairly satisfactory shape, but 
those for the first two are not, as yet. 

The bureau is already studying meth- 
ods for determination of fluidity, and 
the establishment of this research asso- 
ciateship will allow an extension of the 
work to the study of liquid shrinkage. 

The subject is of especial importance 
in the case of cast iron where the 
amount of liquid shrinkage seems to have 
a bearing on the suitability of different 
compositions of cast iron for different 
uses, but the American Foundrymen’s 
Association is interested in the problem 
from the point of view of all other 
foundry alloys as well. 

The object of the work is therefore 
net to collect masses of data on the 
liquid shrinkage of all the many alloys 
in use in the foundry, but rather to 
establish the suitability of some one or 
more methods for its determination in 
the various types of alloys. With re- 
liable methods available, the various 
branches of the foundry industry would 
be able to amass reliable and com- 
parable data on the alloys in which 
they are interested. 


IMPORTANCE OF TEMPERATURE AND 
HUMIDITY CONTROL IN RUBBER 
TESTING 


The physical testing committee of the 
rubber Chemical 


Society, through its research associate, 


division, American 
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F. E. Rupert, has conducted a series 
of tests at the bureau to determine the 
effect of temperature and humidity con- 
trol in rubber testing. 

This investigation involved several 
thousand tests, made upon five rubber 
compounds under conditions in which 
temperature and humidity were varied 
during both preparation and testing. 
The compounds represent types of form- 
ulas in general use in the tire industry— 
a laboratory test compound, two high- 
grade gum tire carcass compounds, and 
two high-grade tread compounds. These 
formulas give an opportunity to observe 
the effect of humidity and temperature 
upon compounds of high and low rub- 
ber content and upon compounds con- 
taining two widely different types of 
organic accelerators, as well as varying 
amounts of common softeners. 

The first part of the report deals with 
the effect of temperature and relative 
humidity subsequent to vulcanization 
but prior to testing. The temperatures 
used were 5°, 15°, 25°, 35°, and 45° C., 
and the relative humidities used at each 
of the above temperatures were 0, 20, 60, 
80, and 100 per cent. 
at each of these relative humidities at 
each temperature with each of five cures 
of the five compounds, thus providing 


Tests were made 


for the effect of these variables upon 
both under and over cured materials. 

This part of the investigation proved 
that variations in temperature which 
may occur from day to day in an un- 
controlled testing room may affect the 
physical tests to the same extent as a 
25 to 40 per cent change in time of cure. 
The relative humidity affects the results 
in only a minor degree. 

The second part of the investigation, 
in which the same five compounds were 
used, dealt with the effect of tempera- 
ture and relative humidity after mixing 
but prior to vulcanization. Only three 
cures of each compound were used, 
while the temperatures employed were 
15, 25, and 35° C., and the relative 
humidities 10, 40, 70, and 100 per cent. 

The results of this part of the investi- 


gation showed that variations in the 
absolute humidity of the room in which 
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the unvulcanized rubber is stored be- 
tween the time of mixing and the time 
of curing may affect the tensile strength 
and modulus of rubber compounds to as 
great a degree as does the temperature 
after vulcanization. 

The effects upon the physical prop- 
erties of vulcanized 
duced 
under 


compounds 
by storing the raw 
various 
mixing were also studied. No appre- 
ciable differences in the properties of the 
vulcanized rubber found, 


concluded that 


were from 


which it was ordinary 


storage conditions are satisfactory for | 


crude rubber compounding ingredients. 

In an extension of this investigation, 
now in progress at the bureau, the effect 
of temperature and humidity, both prior 
to and subsequent to vulcanization, upon 
the resistance to 


studied. 


abrasion is being 


FIRE RESISTANCE OF HOLLOW LOAD- 
BEARING WALL TILE 


The results of comprehensive tests to 


determ'ne the fire-resistance value of 
hollow clay wall tile conducted in co- 
operation with the Hollow Building Tile 
Association are reported in the Janu- 
ary number of the Bureau of Standards 
Journal of Research. (Research Paper 
No. 37, 334 pages. 


from 


Reprints obtainable 
Superintendent of Documents at 
75 cents per copy.) 

While hollow 


in this country for about 50 years in 


clay tile has been used 


floor arches, partitions, and as protec- 
tion for structural members, only dur- 
ing the past 20 years has it been exten- 
sively applied for load-bearing purposes 
in walls. 
of this 


materials, 


The safe and economical use 


material, as of other masonry 


requires knowledge of its 
strength and fire resistance under con- 
ditions imposed by severe fires. Fire 
resistance of walls is rated mainly on 
ability to keep the temperatures of the 
side away from the fire to a point where 
they will not ignite combustible ma- 
Ability 
to carry load throughout the fire and 
to withstand the 


terials in contact with the wall. 


impact from hose 


pro- 
ingredients | 
humidities previous to | 
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streams are also necessary conditions. 
The amount of damage incurred and 
methods of making repairs are also of 
interest. 

The work reported in the paper con- 
sists in the main of three series of fire 
tests of wall construction built of tile of 
representative designs and clay materials. 
The first tests were made on wall sec- 
tions 1 foot wide and 6 feet high that 
were subjected to fire on one side while 
under working load, the main object 
of the tests being to determine how the 
fire exposure affects the individual tile 
units. This .was found to vary with 
the type of clay used, hardness of burn- 
ing and design of the unit, from minor 
cracking of a few of the units in the 
specimen, to failure under !oad a little 
after two hours. 

The second group of tests was with 
wall specimens 4 feet wide and 4 feet 
high tested exposed to fire on one side, 
under load, or the 
and was made to 
study the effect of changes in design of 
the unit, and in the constitutents and 
preparation of the clay. The addition 
of ground burnt clay (grog) to the raw 
clay in amounts up to 2 per cent was 
found to be without effect, but higher 
percentages increased the fire damage, 
apparently because of initial shrinkage 
cracks radiating from the grog particles. 
Additions of sawdust to the raw clay in 
amounts up to 15 per cent by volume 
decreased the tendency to cracking when 
exposed to 


restrained within 
containing frames, 


fire without seriously de- 
creasing the normal strength of the tile. 
Fine grinding and greater amount of 
pugging of the raw clay increased the 
strength of the tile and consequently 
its load-carrying ability when exposed 
to fire. 

Of modifications in the design of the 
unit, one with double outside shells im- 
proved the -Sre resistance for all but 
very dense tile in confining the cracking 
mainly to an outer thin shell. 


shell 


Increased 
also found to de- 
crease the fire effects, as also fillets of 
up to one-fourth inch radius at the junc- 
tions of shells and webs. 


thickness was 
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The final series consisted of 167 fire- 
endurance tests and 4 fire and water 
tests of typical well constructions, 71 
of which were made with walls between 
10 and 11 feet high and 8 to 16 feet wide. 
The thickness ranged from 8 to 16 
inches, and plaster, stucco, or brick fac- 
ing was applied on a number of the 
walls. The walls were subjected to con- 
stant applied loads of 70 to 120 lbs./in.? 
during the fire test, were restrained 
within the containing frames, or were 
tested unrestrained, the latter condition 
being representative of walls in low 
buildings or the upper story walls of 
higher buildings. The results are sum- 
marized as fire-resistance periods, which 
are determined by the time the walls 
sustained load under fire exposure and 
prevented the average temperature rise 
on the unexposed side from exceeding 
139° C. (250° F.), or the maximum rise 
at any point where temperature measure- 
ments are taken from exceeding 180.6° C. 
(325 F°.). Freedom from cracks or 
openings large enough to transmit flame 
or ignite combustible materials is also 
required both in fire-endurance tests and 
fire and water tests. 

The final grouping of test results is 
in three classes, determined by the de- 
sign of the tile. Fire-resistance periods 
are given for 8, 12, and 16 inch walls 
in each class, the values varying with 
the thickness and design from 1% to 
11 hours for unplastered walls and from 
4 to 15 hours for walls plastered on both 
sides. Periods are also given for walls 
assumed to have combustible members 
projecting into them 4 inches from the 
unexposed side, this being determined 
by the time required for temperatures 
high enough to ignite wood to obtain 
at a given depth in the wall. Fire-re- 
sistance periods for this condition 
ranged from 1 hour with 8-inch unplas- 
tered walls to 10 hours with 16-inch 
plastered walls built of tile of the designs 
giving the highest results. 

Gypsum and Portland cement plasters 
applied on one or both sides of the wall 
constructions not only increased their 
fire-resistance periods, but that on the 
side exposed to fire also appreciably de- 
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creased the fire effects on individual units 
and the construction generally. Where 
applied on split furring tile, plaster was 
found to prevent all fire damage to the 
load-bearing tile in fire tests lasting as 
long as six hours. 


DIATOMACEOUS SILICA AS ADMIX- 
TURE IN CONCRETE 


A previous item dealing with this in- 
vestigation appeared in Technical News 
Bulletin No. 141 (January, 1929). Other 
properties of the diatomaceous silicas 
are being studied as an aid in the de- 
velopment of Settling 
tests have been made on the representa- 


specifications. 


tive samples according to one particular 
method of procedure which has been 
proposed. In this method 2 g samples 
of the different materials are placed in 
graduated cylinders, and sufficient water 
is added to make a total volume of 100 
ml at 20 to 30° C. The mixture is then 
shaken thoroughly, after which the cyl- 
inders are allowed to stand on a level 
space for 20 minutes and for 5 hours, 
respectively. The percentage of ma- 
terial in suspension in the 80 ml nearest 
the top of the cylinders is then deter- 
mined. The material in suspension in 
the top 80 ml of water varied from 13.2 
to 60.4 per cent at the end of 20 minutes 
and from 2.4 to 25.3 per cent at the end 
of 5 hours. 


It was noted that the diatomaceous 
silica swells when placed in lime water. 
A study of the volume of the resulting 
floc from the various representative 
samples may be an index of the fineness 
of subdivision and purity of the dia- 
tomaceous silica. It has been found 
that 2 g of the various materials from 
flocs varying from about 12 to 35 ml 
when placed in 100 ml of saturated cal- 
cium hydroxide and allowed to settle 24 
hours after an initial shaking of about 
30 seconds. If the same procedure is 
followed, the measurements of the vol- 
ume of the resulting floc from each 
diatomaceous silica may be checked to 


within 1 or 2 ml. 


It has also been observed that dia- 
tomaceous silica will remove lime from a 
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calcium hydroxide solution, from 1.15 g 
CaO per liter (the approximate con- 
centration of a saturated solution at 
30° C.) to about 0.07 g CaO per liter. 
Increasing amounts of silica apparently 
do not further decrease this latter value. 
A study of the rate of this reaction has 
shown that different kinds of silicious 
materials decrease the concentration of 
the calcium hydroxide at different rates. 
The rate of the reaction has been meas- 


ured by both chemical analyses of the | 


resulting solutions and pH determina- 
tions with very good agreement. It has 
been found possible to distinguish the 
purer grades of diatomaceous silicas (a 
determined from petrographic examina- 
tion) from consider- 
able impurities by this method, but to 
date it has not been found possible to 
differentiate the purer grades, since the 


those containing 


rate of decrease of concentration of the 
calcium hydroxide is so nearly the same 
with these latter The time 
involved in obtaining these rates is too 


materials. 


long to be of any value as a method for 
specifications. 


CONSISTENCY MEASURING INSTRU- 
MENTS FOR CALCINED GYPSUM 


At the request of committee C-—11 on 
gypsum of the American Society for 
Testing Materials, a study of the in- 
struments for determining the standard 
testing consistency of calcined gypsum 
was undertaken. The 
at the present time 


instrument used 
is the Southard 
consists, essentially, 
of a circular plate 12 inches in diameter 
with a well 2 inches in diameter in the 
center, fitted with a false bottom. The 
well is filled with the mix to a depth of 


viscosimeter. It 


2.5 inches and the mix forced out at the | 


top by means of a screw under the false 
bottom. The mix is said to be of stand- 
ard testing consistency when the spread 
of the pat is 9.7 cm, as read on the 
circular plate. The other 


which were compared with the South- 


instruments 


Harnmond 
and the modified Vicat apparatus. The 
Hammond apparatus consists, essen- 
tially, of a 2 by 4 inch cylinder, which 
is filled with the mix and then raised 


ard viscosimeter were the 
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| in diameter 
depth. 
| by the drop of the plunger as read on 
| a millimeter scale. The 
| plunger may be varied by loading 
| shot. 


the most 


| ruachine 
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vertically by means a weight, through 
lever action, allowing the mix to spreai 
out on a glass plate. The diameter of 
the pat is read on a scale beneath the 
glass plate. The modified Vicat instru- 
ment consists of a plunger of a fixed 
weight made of aluminum tubing. The 
end that penetrates the mix is 0.75 inch 
in diameter and 1.75 inches in length. 
The plunger is allowed to drop vertically 
into the mix contained in a rubber ring 
mold 7 cm in diameter at the base, 6 cm 
at the top, and 4 cm in 
The penetration is determined 
weight of the 


with 


A mix of gauging plaster was made up 
to standard testing consistency as de- 


termined by the Southard viscosimeter, 


| and after many tests it was found that 


suitable penetration of the 


| plunger of the Vicat was 30 mm, and 


this penetration was obtained when the 
plunger weighed 51 g. 
ing plaster of 


A mix of gaug- 
standard testing con- 
sistency when tested on the Hammond 


gave a spread of 4.1 inches. 


| It was found necessary to add retarder 
| before making any test, or reproducible 


results could not be obtained. 
The three instruments were then used 
to determine the standard testing con- 


| sistency of six types of plaster and to 


was the 
that 
the three instruments did not check for 


determine which instrument 


most satisfactory. It was found 
all types of materials, and that repro- 
ducible results could not be obtained for 
The 
modified Vicat apparatus was found to 


some types on any one instrument. 
be more sensitive to changes in con- 
sistency, easier to operate, and the pene- 
tration as shown by the drop of the 
plunger was more nearly proportional to 
the consistency than was the spread as 
shown by the Southard viscosimeter and 
Hammond machine. 


SAGGER INVESTIGATION 


In Technical News Bulletins Nos. 13 
and 137 (February and September, 1928) 
the method of procedure being followed 









for developing sagger bodies according 
to fundamental properties was described, 
and some results from the test data were 
given. A report setting forth in detail 
the complete results of the present phase 
of this study will be published in the 
near future. The following paragraphs 
give a brief summary of the work and 
results obtained, 

Experimental saggers and bar speci- 
mens were prepared from 39 different 
bodies, fired at either 1,230° C. (cone 
9-914) or 1,270° C. (cone 1114-12), and 
tested to determine their resistance to 
thermal shock, modulus of elasticity, 
transverse strength, linear thermal ex- 
pansion, and other physical properties. 
Sixteen of these bodies, 
duplicate, 


prepared in 
similarly tested, one 
series after firing at 1,230° C. and the 
other after firing at 1,270° C. The 
majority of the bodies contain two clays 
and grogs, each combination of clays 
being made into two bodies, one with 
coarse graded grog and the other with 
fine graded grog. In addition, saggers 
and specimens from eight raw sagger 
bodies furnished by potteries were fired 
at 1,270° C. and tested. 

The bodies fired at 1,230° C. were 
classified into three groups according to 
the observed linear thermal expansions. 
It was found that the expansion of a 
body when compared with that of the 
clays from which it was made may (1) 
be greater than that of either clay, 
(2) be approximately the average of 
that of the two clays, and (3) closely 
parallel that of the clay having the 
lower expansion. 


were 


The bodies prepared 
with the coarse sizes of grog in the 
majority of instances have a lower total 
expansion than those prepared with the 
fine sizes of grog. 

The modulus of elasticity of the bodies 
increased directly as the 
strength. It increased, however, at a 
greater rate than the strength when 
the bodies are (a) fired at increasing 
temperatures and (b) tested at increas- 
ing temperatures from 20° to 750° C. 


transverse 


An inverse relation was found between 
the plastic 
bodies. 


flow and porosity of the 
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The results also show tnat the re- 
sistance to failure from thermal shock 
(1) decreases rapidly with increased 
temperature of firing of saggers, (2) is 
less for bodies having a porosity greater 
than 25 per cent when compared with 
those which have a porosity lower than 
25 per cent, (3) is greater for saggers 
having a relatively high porosity than 
those containing grog of low porosity, 
(4) is considerably greater for bodies 
having a low coefficient of expansion 
below 200° C. 


FUNDAMENTAL STUDY OF GLAZE FIT 


As previously reported in Technical 
News Bulletins Nos. 125 and 128 (Sep- 
tember and December, 1927), an investi- 
gation is being conducted at the Colum- 
bus branch of the bureau to determine 
the effect of the various oxides on the 
tensile strength, modulus of elasticity, 
and coefficient of expansion of glazes. 
Factors have been worked out for the 
various properties, based on the com- 
position of the glazes as determined by 
chemical analysis. 

The coefficient of expansion of the 
glazes increases slightly with tempera- 
ture, but for the present work it is 
thought best to use the mean coefficient 
and express the effect of the various 
oxides as simple constants rather than 
as expressions such as a +bT, where a 
and b are constants and T is the tem- 
perature in degrees centigrade. The 
following tentative values for the oxides 
apply fairly well for the average linear 
coefficients over the range 20° C. to the 
lower critical temperature: Na,O, 380; 
K.0O, 300; CaO, 150, BaO, 120; ZnO, 
100; PbO, 75; Al.O:, 50; B:O;, 20; MgO, 
20; all these values to be multiplied 
by 10”. 

The factor for SiO. varies with the 
amount of SiO. present in the glaze, 
from 51 to 30 per cent SiO; to 19 with 
90 per cent SiO... The first part of this 
work will be published in the near 
future. 

Some work on the application of the 
data that have been collected on the 
physical properties has been started. 
The following subjects will be investi- 
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gated: (1) Resistance to thermal shock, 
(2) the effect on glaze fit of the upper 
critical temperature of the glaze and its 
position with respect to the alpha-beta 
inversion, and (3) the variation with 
temperatures of strainin a glaze attached 
to a body and its effect on crazing and 
shivering. The last subject will be in- 
vestigated with the aid of a thermal 
microscope that has been built at the 
Columbus station. 


TESTING OF PIEZO OSCILLATORS FOR 
BROADCASTING STATIONS 


the general allocation of 


broadcast station frequencies required 


Prior to 


under Federal Radio Commission Gen- 


eral Order No. 40, the Bureau of. Stand- 
ards made the following statement: 


In case a broadcasting station is now using 


the Bureau of Standards and is required to 
change its frequency by the action of general 
order No. 40, the Bureau of Standards will 
calibrate a piezo oscillator for the new fre- 
quency without charge to the station. 


piezo oscillator which has not been calibrated 
by the Bureau of Standards, it may be sub- 
mitted for test and a fee will be charged 
according to test fee schudule 163. 


This arrangement will be terminated 
March 1, 1929. After that time all tests 
of piezo oscillators will be charged 
according to test fee schedule 163. 

The bureau now requires from two to 
five days to complete a test after the 
apparatus is received. 
Information concerning test- 
may be obtained by writing the 


oscillator. 
ing 


radio section of the Bureau of Stand- | 


ards, Washington, D. C. 
RADIO-EQUIPPED AIRPLANE 


The Department of Commerce assigned 
to the bureau a cabin airplane for use 
in the development of radio aids to air 
origi- 


navigation. This airplane was 


nally designed to carry four passengers | 


and a pilot. In order to convert it to a 


flying laboratory, two seats were re- 
moved and a permanent radio installa- 
tion made. A set of complete transmit- 


ting and receiving equipment having a 


| turbing the pilot. 


| was 
a piezo oscillator which has been calibrated by | 


In case a broadcasting station is using a | from the engine ignition. 


| cperation of the transmitting set is ob- 


The time re- | 
quired depends on the type of piezo- | 


| year 
| Canada, Cuba, Mexico, Newfoundland, and 


top which forms a desk was installed in 
front of the observers’ seats. The essen- 
tial navigation instruments are dupli- 


| cated on an instrument board above this 
| desk. On this instrument board and on 


the one in front of the pilot visual reed 
indicators for the directive radiobeacon 
and marker beacons are provided. Two 


| persons may observe the operation of 


the radio equipment and at the same 


| time be completely informed as to the 


operation of the airplane without dis- 
The top of the desk 


| is shock mounted and available for use 


in testing experimental equipment which 
it may be desirable to try out in the air. 

In order to insure satisfactory opera- 
tion of the receiving and transmitting 
equipment, the entire airplane structure 
bonded and the ignition 
system completely shielded. The shield- 
ing is so successful that a very sensitive 


engine 


aircraft receiving set may be operated 
at full sensitivity without interference 
Power for the 


| tained from a generator driven by the 
airplane engine. 


This airplane, which is, in fact, a fly- 
ing radio laboratory, is being used in 


| the study of the operation of the radio- 


beacon system and other uses of radio 
under conditions of flight. 
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The following articles were published 
in the series on Physical Science in 
the United States Daily (Washington 
D: Ss): 

J. H Dellinger: 

Progress in solution of scientific prob- 
lems of radio affects Federal regu- 
lation and stations; February 1. 

Development of improved practices in 
radio considered in framing Fed- 
eral regulations; February 2. 

C. B. Jolliffe: 

Fading of radio signals studied to de 
termine cause and possible method 
of prevention; February 4. 
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